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Summary ;
The purpose of this paper is to provide some, preliminary estimates of
the price elasticity of demand for residential sites for 52 urban areas in
the United States. Estimates are also made for three time periods, 1967,
1971 and 1975 in order to investigate changes in the price elasticity over
time. Using Marshall's well known four rules for the price elasticity of
demand for an input factor, the results indicate a substantial variation in
the price elasticity of demand for land both across cities and over time.
An inelastic demand was found for all cities in the sample and for all
three time periods
.

THE PRICE ELASTICITY OF DERIVED DEMAND FOR
URBAN RESIDENTIAL LAND
"The demand for raw materials and other
means of production is indirect and
derived from the direct demand for those
directly serviceable products which they
help to produce .
"
Alfred Marshall
I. Introduction
Numerous studies have investigated the determinants
of urban land values. These studies may be divided into
2those analyzxng intraurban and interurban variations.
Marginal productivity theory, which forms the basis of
factor price determination, has received recent application
to the theory of land rent and land use. If land is viewed
as an input into the production of goods and services , for
example housing services, the demand for land as a factor
4is a derived demand. Neoclassical theory of factor price
determination tells us that firms and industries will employ
the level of factors only insofar as their employment
contributes to the goods and services valued by consumers.
Another question of importance, which has received little
attention in the literature, concerns the determinants of
not the level of factor demand but of its elasticity, i.e.,
5its responsiveness to changes in factor prices. Knowledge
of this price elasticity could provide important insights
into understanding the housing problems of urban areas.

The purpose of this study is to provide some estimates
of the price elasticity of demand for residential sites for
52 urban areas in the United States. Estimates will also be
made for three time periods, 1967, 1971 and 1975 in an
attempt to understand how the price elasticity has changed
over time in these areas. The paper can be outlined as
follows. Section II outlines the methodology for estimating
the price elasticity of an input factor, in this case land;
Section III provides some estimates for 52 urban areas in
1967, 1971 and 1975; finally, summary and conclusions of
this study are in the final section.
II. Methodology
The theory of derived demand links distribution
theory and the supply conditions of productive factors.
The elasticity of derived demand for land as an input
factor has received little attention in land economics
literature. Since the demand for residential land is
created by the need to produce a product for sale, in this
case housing services , the demand for land is a derived
demand. The forces influencing the elasticity of demand
for a productive factor, such as land, are: (i) the
elasticity of demand for the final product, (ii) the
elasticity of substitution in production, (iii) the
elasticity of supply of other input factors, and (iv) the
relative importance of the factor.
In a model of housing production, the price elasticity
of derived demand may be written formally using the following

definitions. Assume a production function for housing which
may be written,
Q = f (L, K) (1)
where Q is output of housing services, L is land input,
and K is capital (structures) input. The production function
is assumed to be a continuous, twice differentiable
homogeneous function of the first degree. The elasticity
of demand for housing services is
_ dQ p
,
.
n " dp-Q (2)
where p is the price of housing services. The elasticity
of derived demand for land is
where r is the unit price of the land input. The
elasticity of supply of capital input is
e = — £ (4)k dn'K l * J
where n is the unit price of the capital input. The
relative shares of the land and capital factor inputs are
aL
=
p% ' and (5)
*K ~ pQ (6)
where a. + av = 1. The elasticity of substitution between
land and capital is
a- = [d(K/L)/(K/L)]/[d(r/n)/(r/n)]. (7)

Under the assumptions of competition in both factor
and product markets and constant returns to scale in the
production function given in equation (1) , the elasticity
of derived demand can be expressed as
X «
na + eK
(a
Ln +
yr)
a
L
a + aKn
+ e
R
Equation (8) is exactly the same as Hicks 1 formulation
and requires that the price elasticity of demand for
housing services be treated as a positive number for
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calculation purposes.
Marshall's well-known four rules of derived
demand, under the special case of fixed factor proportions
as applied to land, are:
(1) The demand for land is likely to
be more elastic, the more elastic
is the demand for the output it
contributes to produce, in this case
housing services.
(2) The demand for land is likely to be
more elastic, the more readily
substitutes for land in the
production process can be obtained.
(3) The demand for land is likely to be
more elastic, the more elastic is the
supply of its cooperate agents of
production.
(4) The demand for land is likely to be
less elastic, the less important is

the part played by the cost of land
in the total cost of the production of
housing.
Hicks (1932) confirmed these rules for the general
case where the elasticity of substitution is not necessarily
9
equal to zero, with the exception of the fourth rule.
Only if the elasticity of demand for the final product is
greater than the elasticity of substitution between factors
of production is the fourth rule true. If the demand for
tne final product, housing services, is fairly elastic,
while substitution is difficult, the conditions will hold
for the fourth rule. This "importance of being unimportant"
condition is true only when the consumer can substitute
more easily than the housing producer.
The next section uses equation (8) to estimate the
price elasticity of land for 52 housing areas in 1967, 1971
and 1975.
III. Estimates:
In order to estimate the price elasticity of derived
demand for land, \, estimates are needed for the price
elasticity of demand for housing services, n, the elasticity
of substitution, o, the elasticity of supply of capital
input, e„, and the relative factor share of land, a_
.
tv L
Since any or all of these may vary across urban areas,
this section will first discuss the estimates of these
parameters to be used in this paper. Following this dis-
cussion, the price elasticity of land will be presented and
discussed.

Numerous studies have examined the price elasticity
of demand for housing, n . Kau and Lee (1976) have recently
provided a comprehensive study of elasticity of demand for
housing in 50 SMSA's in 1970. While Kau and Lee (1976)
were unable to provide direct estimates of the price
elasticity of demand for housing services, they were able
to shed some light on the magnitude of the elasticity.
The Kau and Lee study included 28 of the 52 housing areas
included in the sample of the present study. Of the 50
cities included in the Kau and Lee study, approximately 50
percent indicated a price elasticity of demand for housing
services which was significantly less than unity in absolute
value. For the other 50 percent the hypothesis that the
price elasticity was equal to minus one could not be
rejected. One of the interesting findings of their study
was that no city exhibited a significant elastic demand for
housing. These results tend to imply that the price
elasticity of demand for housing services is between zero
and minus one, with it being exactly minus one in half of
their sample.
Other studies which have examined the demand price
elasticity for housing services include Muth (1972) , Reid
(1962) and Lee (1964) . These estimates for all types of
housing services indicate a price elasticity of unity or
slightly higher in absolute value. While the literature
lacks a comprehensive study of interurban variation in the
price elasticity, the above estimates, particularly the Kau
and Lee study, provide a strong case for a demand elasticity
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of minus one. This estimate xs used to calculate results
of the price elasticity of demand for residential sites in
Table 1.
Using a variable elasticity of substitution (VES)
production function, Sirmans and Redman (1977) have recently
provided estimates of the elasticity of substitution, a,
between land and structures for the 52 FHA housing areas in
1967, 1971 and 1975. 12 This VES function allows the
elasticity to vary with the capital-land ratio. The data
included in the Sirmans and Redman study was new single-
family housing financed through the FHA program. The
estimates made by Sirmans and Redman of the elasticity are
included in Table 1. These estimates show a wide variation
in o across cities and over the three time periods. The
elasticity of substitution between land and structures
declined in 48 of the 52 areas between 1967 and 1975,
indicating that it was more difficult to substitute capital
for land in most housing areas.
The weakest empirical evidence is available for the
elasticity of supply of other inputs, ev , in the productionA
of housing. The literature which does exist, Muth (1972) and
Clawson (1971) , makes a strong case that there probably
13
exists a highly elastic supply. These arguments are based
on the relative ease with which builders move in and out
of the construction industry. No literature exists on the
interurban variation in the elasticity of supply. The
estimate used in this paper is that by Muth (1969, p. 317)
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of approximately 15. The elasticity of supply of other inputs
is assumed to be constant across housing areas.
The final factor necessary for estimating the price
elasticity of derived demand for land is the relative share
of sites, a T , in total costs. The relative shares were
taken from the FHA data and are shown in Table 1. These
numbers indicate that a T had decreased for 37 of the 52
areas between 1967 and 1975.
The price elasticity of demand for residential
sites, X, for single family housing for the 52 housing
areas in 1967, 1971 and 1975 was estimated using equation
14
(8) and the estimates of n, a, a and e.^. These
Li 1\
estimates in absolute terms are shown in Table 1. These
estimates indicate that in no city was there an elastic
price elasticity of demand for residential land. The price
elasticity declined in 49 of the 52 cities between 1967
and 1975 indicating an even greater inelastic demand in
the later time period.
Using the mean estimates of a, a , r\ - -1.0 and
jj
eK = 15, the price elasticity of the entire sample was
-.626, -.599 and -.538 for 1967, 1971 and 1975, respectively.
The estimates of the price elasticity in Table 1 indicate
a substantial range both across cities and over time. In
1967, the range in X was from -.40 to -.78 in Fresno and
Knoxville. In 1975, the range was from -.32 to -.75 in
Lubbock and Nashville.
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IV. Summary and Conclusions
The purpose of this paper has been to examine
interurban variations over time in the price elasticity of
derived demand for urban residential land. The theory of
derived demand for an input factor, as developed in Marshall's
well known four rules, indicates that the price elasticity
depends on the price elasticity of the output, the
elasticity of substitution between input factors, the
elasticity of supply of other input factors and the
relative importance of the input factor. Little empirical
research has investigated the responsiveness of the demand
for land with respect to its price.
Using interurban estimates of the elasticity of
substitution and the relative share of land and assuming
that the elasticity of demand for housing services and
the elasticity of supply of capital inputs are constant
across housing areas, estimates of the demand price
elasticity for land were made for 52 PHA housing market
areas in 1967, 1971 and 1975. These estimates indicate
an inelastic demand for residential sites for all housing
areas and for all three time periods. The estimates
indicated that the demand for land was less elastic in the
later time period.
While the estimates should be interpreted as
preliminary, they are the first to investigate this neglected
area of urban land economics. More refined estimates can
be developed when research examines the interurban variations
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in the price elasticity of demand for housing services and
the elasticity of supply for other inputs in housing
production.

Footnotes
See Rubenfeld (1972) for a discussion of the
literature.
2For examples of the former, see Mills (1969) , Kau
and Sirmans (1978) and Downing (1970) . For examples of the
latter, see Muth (1971) and Witte (1975).
3See Mills (1972), chapter 3.
4Muth (1971) has recently developed a model of
demand for land assuming a constant elasticity of substitution
production function in housing production. Witte (1975)
has provided some empirical estimates of interurban demand
for land. Kau and Lee (1976a) have developed a model of
urban land-use using the CES function for housing production
with land and capital inputs.
5Witte (1977) has recently estimated the price
elasticity for aggregate U.S. data at -.7. Another area
which has been neglected is possible intraurban, variations
in the price elasticity of land.
For a good discussion of the theory of derived
demand, see Stigler (1965) . Some recent literature is
Bronfenbrenner (1961), Muth (1962), Ferguson (1966),
Mundlak (1968), Andrieu (1974) and Sato and Koizumi (1971).
Early literature includes Hicks (1932) , Marshall (1920)
and Pigou (1932)
.
7See Sato and Koizumi (1971) for the derivation of
this equation. The Hicks (1963, p. 374) formulation is
e
K
a [ri-o] + a[n+eK ]
X
[n+eK ] - aL [r}-a]
See Marshall (1920), chapter 6, Book V.
9
• Andrieu (19/4) has recently generalized equation (8)
in the case of non-constant returns to scale in production.
Andrieu' s generalization can be written
e
KaL [n-aE] + a[n+eKE]
A == - -
[n+eKE]
- aL tn-crE]
where E = n(l-p) + p. p is the degree of homogeneity of the
industry's production function. Obviously, if p is equal to
one, this equation reduces to the Hicks' formulation in
footnote 7. Sato and Koizumi (1971) have introduced different
13

14
degrees of substitutability and complimentarity among factors
of production to the theory of derived demand.
Kau and Lee (1976b) needed an estimate of a which
was not available in their sample.
1:LWitte (1977) has argued that n = -1.5.
12Other literature on the elasticity of substitution
includes Muth (1971) and Koenker (1972) and Sirmans, Kau
and Lee (1978) . These studies however do not estimate the
interurban variation in the elasticity of substitution.
13See also de Leeuw and Ekanem (1971) , Greison (1973)
and Smith (1976) . Smith has investigated the long-run
supply elasticities of housing density and quality.
14To examine the sensitivity of the assumption of a
constant r\ and e„, some alternative estimates of X were
made using r\ equal to -.7, -1.5 and -2.0 and eK equal to 10
and 20. As rules 1 and 3 state, the price elasticity
increased as n and eK were increased but in all cases theprice elasticity was" inelastic. These estimates are available
in an appendix.
15Sirmans and Redman (1977) estimated the mean
elasticity of substitution at .55, .52 and .45 for 1967,
1971 and 1975.
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